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Abstract. This study presents a detailed spatiotemporal analysis for the Frakull-Durrës (F-D) fault zone at the 
beginning of 2020. For this purpose, the most frequently used statistical seismicity parameters such as magni-
tude completeness, Mc-value, Gutenberg-Richter b-value, recurrence times, annual probabilities and standard 
normal deviate, Z-value, were mapped. The F-D fault zone was divided into two seismogenic subregions, and 
Mc-value was taken as 2.5 for both the south and north parts. The b-value was estimated as 0.83 ± 0.06 for 
the south part and 0.85 ± 0.06 for the north part. b-values for both zones are smaller than 1.0 and these values 
may be considered to be a larger stress accumulation to build up over time and to be released by the next pos-
sible earthquakes. Clear decreasing trends were observed in time variations of b-values before the occurrences 
of several strong main shocks. Analyses of annual probabilities and recurrence times suggest that the study 
region has an intermediate/long-term earthquake hazard in comparison to occurrences of strong/destructive 
earthquakes in the short term. Some anomaly regions of a small b-value and a large Z-value were found along 
the F-D fault zone at the beginning of 2020: i) among Lushnje-Tirana-Durrës including the middle part of the 
F-D fault zone, ii) in and around Lezha including the north end of the F-D fault zone. Thus, the combination 
of regions with the lowest b-value and largest Z-value may supply preliminary results for earthquake hazard, 
and these regions may be considered to be the most likely regions for future strong/large earthquakes in the 
F-D fault zone.
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INTRODUCTION

The Albania region is one of the most seismically 
active regions with tens of large destructive earth-
quakes since the earliest recorded history and from 
the historical sources (Sulstarova et al. 1980; Aliaj 
et al. 2010). The Frakull-Durrës (F-D) fault zone in 
Albania has been a seismically active area from the 
historical sources and currently with high seismicity. 
The main reason for seismicity in Albanian is the col-
lision of the Adria microplate with the Albanian oro-
gen. The Adriatic microplate has played a major role 

in the tectonic history of the central Mediterranean 
region. This continental collision directly influences 
the external part of the country, the longitudinal faults 
cutting across the western part of Albania (Aliaj et al. 
2001; Ormeni et al. 2013).

The F-D fault zone is located in the front of colli-
sion of the Adriatic microplate with the Albanian oro-
gen. The F-D fault zone is placed in the west of the 
external area, between the Lezha-Ulqini fault and the 
Vlora-Tepelena transverse flexure. Seismic data and 
focal mechanism solutions show that this fault zone is 
associated with thrusts or back-thrusts. Compression-
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al deformation in the F-D fault zone is present nowa-
days. The F-D fault zone is the main part of the Ioni-
ano-Adriatic longitudinal fault zone in Albania and is 
a major tectonic feature with a well-defined fault trace 
and an established history of seismicity. Old chrono-
logical results show that this town was almost totally 
destroyed in the years 177 B.C, 334 or 345 A.D., 506, 
1273, 1279, 1869 and 1870. Earthquake activity of 
the F-D fault zone during the 20th century began with 
a series of destructive Durrës earthquake M6.2 in 
1926 and Fieri earthquake M6.0 in 1962 (Sulstarova 
et al. 1980; Aliaj et al. 2001). Currently, the seismic-
ity of Durrës region is characterized by a series of 
the high-energy/strong earthquakes on 21 September, 
ML = 5.8 which was followed two months later by an-
other, strongest shock of 26 November 2019, of the 
magnitude ML = 6.3 (Ormeni et al. 2020).

There are a lot of region-time-magnitude studies 
on the characteristics of earthquake activity for dif-
ferent parts of the world, and many authors obtained 
very important outcomes by using scaling laws (e.g., 
Frohlich, Davis 1993; Wiemer, Wyss 2000; Öncel, 
Wilson 2002; Polat et al. 2008; Öztürk 2013, 2017, 
2020; Ali 2016; Rodriguez-Perez, Zuniga 2018; 
Radziminovich et al. 2019; Zuniga et al. 2020). In 
the scope of this study, we made a detailed spatiotem-
poral analysis of the earthquakes along the F-D lon-
gitudinal fault zone in order to evaluate the seismic 
hazard potential at the beginning of 2020. From this 
point of view, this work is focused on the imaging 
of size-scaling distributions such as regional, tempo-
ral and magnitude distribution of earthquake activity, 
magnitude completeness, Mc, seismotectonic b-value 
and its variations with time, precursory seismic qui-
escence Z-value, annual probability and recurrence 
time. ZMAP analysis software (Wiemer 2001) was 
used for all statistical estimations and for all histo-
grams of regional, temporal and magnitude distribu-
tion along the F-D fault zone.

Neotectonic structures of Albania

Albania is situated in the Alpine-Mediterranean 
seismic belt and accommodates part of the deforma-
tion due to the collision of the Adriatic microplate 
with the Eurasian plate (Mazzoli, Helman 1994). 
Geographically, it is surrounded by Montenegro and 
Kosovo in the north, the former Yugoslav Republic 
of Macedonia (FYROM) in the east, Greece in the 
south and southeast, and the Adriatic and Ionian Seas 
in the west. The Adriatic collision zone is the most 
seismically active region in Albania and makes up the 
Ionian-Adriatic coastal earthquake belt at the eastern 
margin of the Adria microplate. The present-day tec-
tonic stress field has been well studied via microtec-
tonics (Aliaj 2012) and focal mechanism solutions 

of earthquakes (Sulstarova 1986; Muço 1994, 2007; 
Aliaj et al. 2010; Ormeni et al. 2013; Aliaj, Meço 
2018). In the external domain, the average axis of 
compression is in the NE-SW direction (average azi-
muth 225°). Four large neotectonic units have been 
recognised based on the tectonic regime and the type 
of deformation (Aliaj et al. 2010) as follows (Fig. 1):

i) The Internal unit affected by post-Pliocene-
Quaternary extensional tectonics;

ii) The External unit affected by pre-Pliocene 
(since the end of Oligocene and the middle Mi-
ocene) compressional regime, continuing to be 
active up to the present time;

iii)  The Peri-Adriatic Depression affected by post-
Pliocene (since the Pliocene until the present) 
compressional regime;

iv) The Foreland in Adriatic and Ionian offshore, 
non-deformed or weakly deformed by normal 
faulting.

The Albanian orogenic thrust front is cut and dis-
placed by the Othoni Island-Dhermi, the north Sazani 
Island and the Gjiri i Drinit-Lezha strike-slip faults, 
which divide the orogeny into separate segments with 
diachronous development (Fig. 1; Aliaj 2006):

i) The NW-trending Lefkas-Corfou offshore seg-
ment, where the Ionian zone consists of the 
orogenic front;

ii) The NW-trending Karaburuni-Sazani Island 
offshore segment, where the Sazani zone com-
prises the orogenic front;

iii) The N-trending Frakull-Durrës mainly onshore 
segment, where Ionian zone makes up this oro-
genic front;

iv) The WNW-trending Lezha-Ulqini segment, 
where the orogenic front is composed of the 
Kruja zone.

The ~N-trending Frakull-Durrës (mainly 
onshore) anticline segment

In the north of an E-W-trending transverse fault 
near Sazani Island, the transition from the Apulian 
platform to the Albanian Basin (South Adriatic Ba-
sin) occurs in the Adriatic offshore (Fig. 1). The front 
of the orogen is buried under molasses of Middle 
Miocene age exposed onshore on coastal terrains of 
the Periadriatic depression and may pass along the 
Frakull-Durrës anticlinal segment of quasi-northern 
extension (Bega 1995; Kociu 1998). Earthquake 
activity shows that the Mio-Pliocene anticlines of 
Periadriatic depression are associated with a thrust 
or back-thrust faults (Biçoku 1964). These terms are 
called over-fault anticlines or determined by Biçoku 
(1964) as having been “placed in narrow zones of 
some big faults found under the Neogene cover”. The 
north-trending Frakull-Durrës anticline (Fig. 1) has 
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been subjected to dextral transpressional deformation 
associated with the oblique northeast-southwest re-
gional horizontal compression in post-Pliocene time. 
In the Durrës anticline, the main fault is a west-dipping 
back-thrust that cuts marine Quaternary sediments 
that are still horizontal. The orogenic front along the 
Frakull-Durrës segment is marked at the surface by 
thrusting and back-thrusting. Along the Ardenica and 
Durrës anticlines, the Oligocene to Quaternary age 
thick clastic sediments of South Adriatic Basin (Al-
banian Basin) have been detached from their carbon-
ate substratum and have glided along a decollement at 
the level of the Oligocene clastics (Aliaj 2006).

Earthquake database and subregions for the F-D 
fault zone

As stated above, during the historical and instru-
mental periods, many strong/destructive earthquakes 
occurred in the F-D fault zone (Fig. 2a). The F-D fault 

has generated many destructive earthquakes from the 
historical period of time 58 to the instrumental period 
of 2019 such as 4 February 1934 (M5.6), 18 March 
1962 (M6.0) and 19 August 1970 (M5.5), 21 Septem-
ber 2019 (M5.8) and 26 November 2019 (M6.3). The 
Durrës section has ruptured during the earthquakes 
occurred on 17 December 1926 (M6.2).

The earthquake database used in this study con-
tains a total of 2310 events occurred along the F-D 
fault zone. Magnitude type used for the statistical 
analyses is local magnitude, ML. Earthquake catalog 
is complete for all magnitude sizes and for all time 
intervals between 1967 and 2020. Earthquake epi-
centres with 1.0 ≤ ML ≤ 6.3 and strong main shocks 
with ML ≥ 5.0 are shown in Fig. 2b. Also, a figure for 
the earthquake distributions with different magnitude 
levels in and around the F-D fault zone was shown 
with different symbols in the same figure. Some de-
tails for the earthquakes with magnitude ML ≥ 5.0 are 
given in Table 1. The depth of earthquakes consid-
ered in this study was limited to shallow earthquakes 
less than 90 km because these types of earthquake 
statistical analyses for future seismic hazard, espe-
cially in detecting the precursory seismic quiescence, 
have provided important results related to the crustal 
main shocks. In addition to this general approach, the 
analyses of focal depths reveal that the seismicity in 
the study region was mainly generated in the middle 
and lower crust (Ormeni 2007, 2010).

As shown in Fig. 2b, the study region was divided 
into two parts: the south part (region 1) and the north 
part (region 2) of the F-D fault zone. The original 
catalog includes 2310 earthquakes between 20 July 
1967 and 31 December 2019, and time period is about 
52.45 years. After the selection of different parts of 
the study region, earthquake databases in these areas 
were prepared for the analyses. The final data cata-
logs include 708 earthquakes for region 1, and 1602 
earthquakes for region 2, with ML ≥ 1.1 and depth < 
90 km.

METHODOLOGY AND STATISTICAL 
PARAMETERS

In this study, spatiotemporal analyses of earth-
quake distribution were limited to shallow earth-
quakes with depths less than 90 km. The maximum 
depth was selected as 90 km because it is generally 
assumed that the seismogenic layer is about this depth 
for different parts of the world. As mentioned above, 
focal mechanism solutions in the study area show that 
seismic activity is mainly produced in the middle and 
lower crust due to tectonic situations (Ormeni et al. 
2020). Also, some statistical analyses including the 
studies of precursory seismic quiescence supply im-
portant results for the crustal main shocks in reveal-

Fig. 1 Map of neotectonic (Pliocene-Quaternary) zonation 
of Albania (from Aliaj 2000, modified from Ormeni et al. 
2020). Four large neotectonic units are noted by numbers 
on the map: 1. Internal unit; 2. External unit (02 = its off-
shore sectors); 3. Periadriatic Foredeep (03 = its offshore 
sector); 4. Foreland in offshore (04a = Apulian platform, 
04b = Albanian Basin). The Albanian orogenic front is cut 
and displaced by, from south to north, the Othoni Island-
Dhermi (α), the Gjiri i Ariut-Dukat (β), the north Sazani 
Island (γ), and the Gjiri i Drinit-Lezha (δ) strike-slip faults. 
Respectively, frontal thrusts are LC: Lefkas-Corfu, KS: 
Karaburuni-Sazani Island, F-D: Frakull-Durrës, and LU: 
Lezha-Ulqini
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Table 1 Detailed information of earthquakes occurred in the F-D fault zone with magnitude 5.0 ≤ ML ≤ 6.3 from 1967 to 
2020

Date Origin Time Latitude Longitude Depth (km) ML Subregion Place Epicentral
Intensity (Io)

16/11/1982 23:41:21.00 40.77 19.58 13 5.7 1 Rroskovec VII–VIII

09/01/1988 01:02:46.00 41.22 19.81 5 5.3 1 Tirana VII

12/05/1997 13:51:34.00 41.19 19.63 40 5.0 1 Kavaj VI

26/09/1997 09:41:35.00 41.31 19.18 76 5.5 2 Adriatic Sea VI

12/04/1998 11:57:05.00 41.22 19.39 20 5.8 1 Adriatic Sea VII–VIII

04/07/2018 09:00:45.00 41.47 19.51 18 5.1 2 Durrës VI–VII

02/09/2019 14:04:23.00 41.42 19.51 29 5.8 2 Durrës VII–VIII

21/09/2019 14:15:52.00 41.45 19.47 38 5.3 2 Durrës VI–VII

26/11/2019 02:54:11.00 41.46 19.44 39 6.3 2 Adriatic Sea VIII–IX

26/11/2019 06:08:23.00 41.62 19.51 34 5.5 2 Kepi Rodonit VII

27/11/2019 14:45:24.00 41.67 19.38 48 5.3 2 Adriatic Sea VI–VII

28/11/2019 10:52:43.00 41.56 19.58 25 5.0 2 Lalez VI

Fig. 2(a) Epicentre distributions of earthquakes with ML ≥ 5.0 in and around the F-D fault zone during the period of time 
58–2019. (b) Epicentre distributions of all events with ML ≥ 1.1 in the F-D fault zone between 1967 and 2020. Subregions 
are also plotted on the figure

ing the possible seismic hazard. To describe the be-
haviours of earthquake activity in the F-D fault zone, 
the best known statistical parameters were evaluated: 
time-magnitude histograms of earthquake distribu-
tion, spatiotemporal distributions of seismotectonic 
b-value, precursory seismic quiescence Z-value, an-
nual probability and recurrence time.

Gutenberg-Richter relation (b-value), annual 
probability, recurrence time and magnitude 
completeness (Mc-value)

The size-scaling distribution of earthquakes is 
described by Gutenberg and Richter (G-R) relation 
(Gutenberg, Richter 1944). This relation between the 
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frequency of occurrence and earthquake magnitudes 
can be given with the following formula:

 , (1)

where N(M) is the cumulative number of events with 
magnitudes larger than or equal to M in a given time 
period, while a- and b-values are constants. The a-
value is related to the seismic activity level, and vari-
ations in a-value depend on the extend of the study 
area and time interval of the catalog. Therefore, a-
value shows important variations in different parts of 
the world in relation to the earthquake activity level. 
The b-value is one of the most significant statistical 
parameters in terms of the seismotectonic proper-
ties in a specific area. The b-value can be calculated 
from the slope of magnitude-frequency distribution. 
It is suggested generally that the b-value varies from 
0.3 to 2.0 from region to region in different parts of 
the world (Utsu 1971). Also, Frohlich, Davis (1993) 
described the average b-value as close to 1.0. Al-
though b-value reflects the relative numbers of small 
and great earthquakes, it is, in fact, a very important 
parameter in terms of rheological and geotechnical 
perspective. Many studies suggest that the b-value 
is scale invariant, and it is related to the distribution 
of earthquake epicenters and fault segments. Many 
factors affect the changes in b-values: an increase in 
thermal gradient, fracture density, material hetero-
geneity in the geological complexity, the number of 
small and large earthquakes, fault length, stress and 
strain conditions (Mogi 1962). Previous studies sug-
gest that the b-value is also related to the fault length, 
material properties, strain circumstances, stress and 
slip distribution, etc., and it is scale invariant.

Annual probabilities of any earthquakes for differ-
ent magnitude sizes and for any periods can be calcu-
lated from the following equation (Ali 2016; Öztürk 
2020):

 , (2)

where P(M) is the probability that at least one event 
will occur in specific T years. M is taken from Equa-
tion 1. Also, return periods of any earthquakes for 
different magnitude levels can be calculated from the 
following formula (Ali 2016; Öztürk 2020):

 . (3)

Magnitude completeness, Mc-value, is a very im-
portant parameter for the statistical seismicity stud-
ies. Mc-value is the minimum magnitude of complete 
recording and can be calculated from frequency-
magnitude distribution of earthquakes (Wiemer, 
Wyss 2000). This magnitude level contains the 90% 
of the events in the catalog, and temporal changes in 
Mc-value can affect the results of the seismicity pa-
rameters, especially in b- and Z-values. Hence, it is 

aimed to use the maximum number of earthquakes 
in the catalog for high-quality results of all statistical 
parameters.

Declustering process and standard normal 
deviate Z-test

Some secondary events such as foreshocks, af-
tershocks or earthquake swarms frequently mask the 
spatiotemporal distributions of the earthquakes and 
thus related earthquake statistics. Therefore, all de-
pendent events should be excluded from the catalog 
to realize a quantitative seismicity analysis. Arabasz, 
Hill (1996) explained that cluster analysis process 
“declusters” or decomposes a catalog into the pri-
mary and secondary events. This declustering proc-
ess eliminates all dependent events from each cluster 
and all dependent earthquakes are replaced as a single 
earthquake.

In this study, Reasenberg (1985) algorithm was 
used to decluster the catalog through ZMAP software 
and region-time distributions of seismotectonic pa-
rameters such as b-value, Z-value and recurrence time 
calculated by using the resulting declustered data. 
There are 708 earthquakes with ML ≥ 1.3 in region 1 
(south part) of the F-D fault zone. The declustering 
process eliminated 76 events, and 632 earthquakes 
were obtained. Mc-value was computed as 2.5 for 
this part, and the events with magnitudes smaller than 
2.5 were excluded from the declustered catalog. The 
number of events exceeding this completeness mag-
nitude level is 143. These two processes removed 219 
events, and in total, 30.93% of the earthquakes were 
removed from the catalog of region 1. The earth-
quake catalog for the statistical analysis includes 489 
earthquakes in the south part of the F-D fault zone. 
There are 1602 events with ML ≥ 1.1 in region 2 (north 
part) of the F-D fault zone. The declustering proce-
dure removed 463 events and resulted in 1139 earth-
quakes. Mc-value was estimated as 2.5 for region 2, 
and earthquakes with ML < 2.5 are excluded from the 
declustered catalog. The number of events exceeding 
this Mc-value is 540. These two procedures removed 
1003 events, and 62.61% of the events in total are 
removed from the catalog of region 2. Consequently, 
the earthquake catalog for statistical assessments con-
sists of 599 events in the north part of the F-D fault 
zone.

There are many statistical models describing and 
evaluating the earthquake activity rate changes and 
many of them use spatiotemporal modelling of seis-
mic quiescence before the main shocks. One of the 
most used technique for these types of calculations 
can be given as the standard normal deviate Z-test. 
ZMAP algorithm is used to map the regions showing 
seismic quiescence (for details, see Wiemer, Wyss 
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1994). Standard normal deviate Z-test generates the 
Long Term Average, LTA (t) function for the statis-
tical assessment of the confidence level in standard 
deviation units:

 , (4)

where R1 is the average number of earthquakes in the 
foreground window, R2 is the average seismic activ-
ity rate in the whole background period, σ and n are 
the standard deviations and the number of samples 
within and outside the window. The Z-value calcu-
lated as a function of time lets the foreground window 
slide along the duration of the catalog and is named 
as LTA (t).

RESULTS AND DISCUSSION

In this study, a comprehensive spatiotemporal as-
sessment of the earthquake activity including the F-D 
fault zone and its surrounding area, Albania, was per-
formed by analyzing the most frequently used seismo-
tectonic parameters such as b-value, Z-value, annual 
probabilities, recurrence times and also by mapping 
the region-time-magnitude histograms between 1967 
and 2020. With the evaluation of these arguments, 

we tried to make an estimation and interpretation for 
the future earthquake potential in and around the F-D 
fault zone.

Cumulative numbers of the earthquakes as a func-
tion of time for the south (region 1) and north (re-
gion 2) parts of the F-D fault zone including the origi-
nal and declustered earthquake databases are plotted 
in Fig. 3. As shown in Figs 3a and 3b, there is not any 
important fluctuation in seismicity between 1967 and 
1975 for both regions. A little change was reported 
from 1975 to 1983 for region 1 and from 1975 to 1986 
for region 2. However, seismic activity progressively 
increases after 1983 for region 1 and after 1986 for 
region 2. In addition, there is an important increas-
ing trend in seismicity in two regions after the 1990s, 
especially from 2010. As seen in Fig. 3, the cumula-
tive number curve of declustered catalogs with larger 
than or equal to Mc-value as a function of time has a 
smoother slope than that of original catalogs. Thus, 
we can clearly interpret that declustering process has 
removed the dependent events from the original cata-
logs and this process has supplied more robust, reli-
able and homogeneous earthquake catalogs.

Time and magnitude histograms for region 1 and 
region 2 are shown in Figs 4 and 5, respectively. The 
maximum increases in the earthquake numbers were 
observed between 1980 and 1985, and there are clear 

Fig. 3 Cumulative numbers of earthquakes in and around the F-D fault zone with time for the original and declustered 
catalog for (a) the south part (region 1) and (b) the north part (region 2)

Fig. 4 Time histograms of earthquakes in and around the F-D fault zone for (a) the south part (region 1) and (b) the north 
part (region 2)
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Fig. 5 Magnitude histograms of earthquakes in and around the F-D fault zone for (a) the south part (region 1) and (b) the 
north part (region 2)

increases in the number of earthquakes between 2010 
and 2020 for region 1 (Fig. 4a). As seen in the time 
histogram for region 2 (Fig. 4b), there are small in-
creases in the number of earthquakes from 1975 to 
2019. However, the maximum increases in the earth-
quake number can be shown after 2019. Besides the 
time histograms, magnitude histograms were mapped 
for two regions of the F-D fault zone. The earthquake 
magnitudes in these two regions change between 1.1 
and 6.3, and the numbers of earthquakes have an ex-
ponential decay rate from the smaller to larger sizes. 
Many of the earthquake magnitudes change from 2.5 
to 3.5 levels for region 1 (Fig. 5a), and from 1.5 to 4.0 
levels for region 2 (Fig. 5b). Maximum magnitude 
levels can be seen at ML = 2.5 for both two regions.

As stated in earlier parts, temporal changes in Mc-
value are highly effective on the estimation of seismic 
quiescence Z-value and seismotectonic b-value, as 
well as the probability and recurrence time. For this 
reason, the assessments of magnitude completeness 
with time were realized by a moving window tech-
nique with the maximum curvature method supplied 
by ZMAP. Mc-values were estimated for samples of 
50 events/window for region 1 with the catalog in-
cluding 708 earthquakes of ML ≥ 1.3 (Fig. 6a) and 85 
events/window for region 2 with the catalog consist-
ing of 1602 earthquakes of ML ≥ 1.1 (Fig. 6b). As seen 

in Fig. 6a, Mc-value changes in and around 3.0 from 
1967 to 2013, whereas it has a decreasing trend after 
2013 and has a value around 2.5. After 2015, Mc-val-
ue smaller than 2.5 can be observed for region 1. For 
region 2, Mc-value is relatively high and varies from 
2.5 to 3.1 between 1967 and 1985, while it changes 
around 2.5 after 1990 (Fig. 6b); however, there are 
some fluctuations between 1.8 and 3.5 from 2018 to 
2020. These large values result from a strong earth-
quake series after 2018. It is well known that time 
variation of Mc-value has generally a non-stable val-
ue and this type of analysis must be the first and most 
important stage since it is a very significant parameter 
for the b-value and Z-value statistics. As a remarkable 
fact, an average of Mc = 2.5 for two regions of the 
F-D fault zone well represents the database.

Magnitude-frequency distributions of the earth-
quakes for two parts of the F-D fault zone are plotted 
in Fig. 7. It is well known that the maximum likeli-
hood method gives a more powerful estimation than 
the least-square method (Aki 1965). Therefore, this 
method was preferred to estimate the b-value of G-R 
relation. For the south part (region 1), b-value was 
calculated as 0.83 ± 0.06 with Mc = 2.5 using all 708 
events with ML ≥ 1.3 (Fig. 7a). For the north part (re-
gion 2), b-value was estimated as 0.85 ± 0.06 with 
Mc = 2.5 using all 1602 earthquakes with ML ≥ 1.1. 

Fig. 6 Magnitude completeness, Mc-value, as a function of time in and around the F-D fault zone for (a) the south part 
(region 1) and (b) the north part (region 2). Standard deviations, δMc, are also shown
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The average b-value is suggested as nearly equal to 
1.0 (Frohlich, Davis 1993) and tectonic earthquakes 
are represented with a b-value between 0.5 and 1.5. 
As stated in Frohlich and Davis (1993), a smaller b-
value may be related to a low heterogeneity degree of 
medium, higher stress concentration or high strain in 
the region. A detailed analyses of the b-value depend-
ence on the interval size, maximum magnitude, sam-
ple size and curve fitting models were provided by 
different authors mentioned above. Also, the b-value 
is mostly related to the relative number of small and 
large magnitude earthquakes. A small b-value shows 
a large proportion of large magnitude earthquakes 
or b-values may show slight increases when a larger 
magnitude levels were not included in the estimations. 
There are 293 events for region 1 and 458 events for 
region 2 with magnitude ML ≥ 3.0. As seen from the 
figures, b-values for two regions are smaller than the 
average b-value of 1.0 and, consequently, these small 
b-values may indicate an increase of shear stress in 
the north and south parts of the F-D fault zone in the 
recent years. Also, these relatively small b-values may 
result from relative abundance of earthquakes having 
a larger magnitude with ML ≥ 3.0. As a remarkable 
fact, we can say that magnitude-frequency distribu-
tions of earthquake catalogs for all regions are well 
defined with the G-R power law having a characteris-
tic b-value close to 1.0.

The b-value changes as a function of time for 
two parts of the F-D fault zone are given in Fig. 8. 

In the estimation of temporal b-value, a sample size 
of 75 events was used for region 1 and 100 events 
for region 2. Many systematic decreases in b-values 
were observed before some strong earthquake occur-
rences in regions 1 and 2. There are decreasing trends 
in b-value smaller than 1.0 before some strong main 
shocks such as 16 November 1982, 5 March 1991, 
17 August 1999, 5 September 2007, 3 March 2014 
and 17 July 2018 earthquakes in region 1 (Fig. 8a), 
whereas some declines in b-value are not related to 
the occurrence of a main shock in region 2. However, 
clear decreases can be seen from Fig. 8b for region 2 
such as 16 April 1979, 26 September 1997, 29 De-
cember 2014, 4 July 2018 and 21 September 2019 
earthquakes. Temporal changes of b-values are one 
of the most important precursors for earthquake oc-
currences and many factors can affect these changes. 
The changes in b-value as a function of time show a 
tendency to decrease before the occurrence of large 
earthquakes (Öztürk 2011; Prasad, Singh 2015). Öz-
türk (2011) observed great decreases before the oc-
currences of several large earthquakes in Turkey such 
as 17 August 1999 İzmit, 12 November 1999 Düzce, 
27 January 2003 Tunceli, and 1 May 2003 Bingöl 
earthquakes. Prasad and Singh (2015) observed cor-
relation between a small b-value for a one-year time 
interval and the occurrence of large main shocks. 
They suggested that changes in b-value can be used 
to forecast a major earthquake. We can point out that 
the decreasing trend in b-value before the occurrences 

Fig. 7 Gutenberg-Richter relations for (a) the south part (region 1) and (b) the north part (region 2) of the F-D fault zone. 
b-value, its standard deviation, Mc-value and a-value are also given

Fig. 8 b-value changes as a function of time for (a) the south part (region 1) and (b) the north part (region 2) of the F-D 
fault zone. Standard deviation of b-value is also given. Arrows show decreases in b-value before the occurrences of strong 
earthquakes
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of some strong main shocks may result from a stress 
increase. Also, sudden increase in temporal b-value 
may be related to the reduced stress in these times 
after the main shocks. Thus, these changes are very 
important for earthquake forecasting, and we can in-
terpret that these fluctuations can be an indicator of 
the next earthquake in the north and south parts of the 
F-D fault zone.

For the description of temporal behaviours of 
earthquakes, estimation of annual probabilities and 
recurrence times of strong/large earthquake occur-
rences are very important. Therefore, this compre-
hensive statistical study includes these types of as-
sessments. The results of annual probabilities and 
recurrence times for different magnitude sizes in two 
parts of the F-D fault zone are plotted in Figs 9 and 10, 
respectively. Annual probabilities of earthquake dis-
tributions for the south part (region 1) have the values 
from 1 to 6 for the magnitude sizes from 2.5 to 3.5, 
and the values lower than 1 for the magnitude sizes 
larger than 3.5 (Fig. 9a). However, annual probabili-
ties of the earthquake distributions for the north part 
(region 1) have the values from 1 to 3 for the magni-
tude sizes from 3.0 to 3.8, and the values lower than 1 
for the magnitude sizes larger than 3.8 (Fig. 9b). Fig-
ure 10a shows the recurrence times of different earth-
quake occurrences for region 1. Relatively smaller 
recurrence times (<1.0) were estimated for the magni-

tudes smaller than 3.5, and the time intervals between 
1 and 10 years for the earthquake magnitudes from 
3.5 to 4.5. In addition, the values between 10 and 50 
years can be expected for the magnitude ranges be-
tween 4.5 and 5.0, whereas the values greater than 
50 years can be considered for the magnitude levels 
greater than 5.0. The recurrence times of different 
earthquake occurrences for region 2 are plotted in 
Fig. 10b. Relatively smaller recurrence times (<1.0) 
were calculated for the magnitudes smaller than 3.8, 
and the time intervals between 1 and 10 years for 
the earthquake magnitudes from 3.8 to 5.0. Also, the 
values between 10 and 50 years can be expected for 
the magnitude ranges between 5.0 and 6.0, while the 
values greater than 50 years can be considered for 
the magnitude levels larger than 6.0. It is suggested 
that the earthquake catalog must be declustered and a 
completeness analysis must be done for the statistical 
evaluation of earthquake behaviours, especially in the 
recurrence time analyses of earthquakes (Joseph et al. 
2011). For this reason, declustered earthquake cata-
logs were used in these calculations. Results of analy-
ses for the annual probabilities and recurrence times 
suggest an existing seismic potential in the F-D fault 
zone in the intermediate/long terms for the possibility 
of strong/large earthquake occurrence (ML ≥ 5.0).

Spatial variations of b-value were plotted by using 
a mowing window technique in ZMAP with a sam-

Fig. 9 Annual probabilities for different magnitudes of earthquake occurrences for (a) the south part (region 1) and (b) 
the north part (region 2) of the F-D fault zone

Fig. 10 Recurrence times for different magnitudes of earthquake occurrences for (a) the south part (region 1) and (b) the 
north part (region 2) of the F-D fault zone



67

ple of 300 earthquakes/window for region 1 and with 
a sample of 350 earthquakes/window for region 2. 
These changes were prepared by a spatial grid of 0.01 
× 0.01° in latitude and longitude for both two regions. 
Declustered earthquake catalogs with ML ≥ 2.5 includ-
ing 489 events for region 1 and 599 events for region 
2 were used for these analyses. As seen in Fig. 11a, 
regional distribution of b-value changes nearly be-
tween 0.7 and 1.1 for region 1. As stated in Frohlich, 
Davis (1993), the b-value of earthquake distributions 
is well represented by G-R relation with an average 
value of b = 1.0. Depending on this statement, the 
areas with the larger b-values (>1.0) were observed in 
the south part of the region 1 including Lushnje, Fieri 
and Frakull. However, the regions with the lower b-
values (<0.9) were generally calculated in the north 
part of the region 1, including Tirana and Durrës. The 
spatial distribution of b-value of region 2 is shown in 
Fig. 11b. The spatial distribution of b-value changes 
approximately between 0.7 and 1.2 for region 2. The 
regions with the larger b-values (>1.0) were observed 
in the southeast part of region 2 including Lushnje. 
However, the regions with the lower b-values (<0.9) 
were generally calculated in all other parts of region 2 
including Tirana, Durrës and Lezha. The regions with 
higher b-values have generally a larger proportion of 
small-magnitude events. However, the regions with 
smaller b-values represent the regions in which great-
magnitude events occur more often. In several parts 
of the F-D fault zone, relatively small b-values were 
computed, and it is accepted that smaller b-values 
make a sign of a higher stress release. Therefore, the 
smallest b-values may be an evidence of a low het-
erogeneity degree and high strain due to the seismo-
tectonics of the F-D fault zone. These small b-values 

can also be related to the stress to build up over time 
and to be released by earthquakes that are less fre-
quent but large in magnitude (Öncel, Wilson 2002). 
As mentioned in many literature studies, low b-values 
may indicate the regions in which the next possible 
earthquake will occur. Thus, a low b-value can be 
used to forecast future earthquakes in these regions, 
and therefore, special attention must be given to these 
areas of the F-D fault zone with small b-values.

In order to characterize seismic activity rate 
changes, spatial variations of standard normal devi-
ate Z-value in two parts of the F-D fault zone were 
mapped at the beginning of 2020 (Fig. 12). For this 
purpose, each region was divided into regional grids 
of points with a size of 0.01 × 0.01° in latitude and 
longitude. The nearest earthquakes, N at each node 
were considered as 50 earthquakes for both two re-
gions. Earthquakes distribution was binned into many 
binning spans of 28 days for each grid point, and time 
window length, TW, is used as 5.5 years for each re-
gion because the quiescence areas are better visible 
for this time window. In order to map the spatial vari-
ations of the standard normal deviate Z-value at the 
beginning of 2020, declustered catalogs with ML ≥ 2.5 
including 489 events for region 1 and 599 events for 
region 2 were used. Spatial variations in Z-value in 
the south part of the F-D fault zone (region 1) are 
displayed in Fig. 12a. As shown in Fig. 12a, there is a 
region exhibiting precursory quiescence anomalies at 
the beginning of 2020. This anomaly region was ob-
served among Lushnje-Tirana-Durrës including the 
middle part of the F-D fault zone. Figure 12b shows 
the spatial variation of Z-value for region 2. The seis-
mic quiescence region was detected in and around 
Lezha including the north end of the F-D fault zone. 

Fig. 11 Spatial variations of b-value for (a) the south part (region 1) and (b) the north part (region 2) of the F-D fault zone. 
White dots show declustered earthquakes with ML ≥ 2.5
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For this reason, spatial emphasis should be given to 
these quiescence regions. Thus, as shown in Figs 11 
and 12, a combination of a small b-value and a large 
Z-value may provide preliminary and useful keys to 
evaluate the earthquake potential in and around the 
F-D fault zone and thus, special emphasis needs to be 
paid to these anomaly regions.

Spatiotemporal analysis of earthquake activity 
for different parts of the world have been achieved 
in many studies, and different statistical models have 
been used to describe the earthquake characteristics. 
In recent years, several researchers have used the 
combination of seismotectonic parameters such as 
Gutenberg-Richter b-value, precursory seismic qui-
escence Z-value, annual probability and recurrence 
time in order to reveal the possible times and locations 
of future earthquakes in a given region (e.g. Wiemer, 
Wyss 1994; Wyss, Martirosyan 1998; Öncel, Wil-
son 2002; Polat et al. 2008; Prasad, Singh 2015; Ali 
2016; Rodriguez-Perez, Zuniga 2018; Radziminovich 
et al. 2019; Öztürk 2011, 2013, 2017, 2020; Zuniga 
et al. 2020). The basic idea in these studies is that 
the regions with a lower b-value and a larger Z-value 
may be possible regions for the future earthquake oc-
currence. For example, a study on the evaluation of 
earthquake hazard for the western part of Turkey was 
achieved by Polat et al. (2008) by using b-value and 
Z-value. They used the maximum likelihood approach 
to estimate the b-value and LTA (t) function to map 
the Z-value. They stated that the areas with a smaller 
b-value or larger Z-value can be interpreted as the 
most likely region for the future strong earthquake. 
Öztürk (2011) evaluated the seismic hazard poten-
tial for different parts of the North Anatolian Fault 
Zone, Turkey, using these types of parameters. Some 
strong earthquakes occurred in this part of Turkey: 

22 September 2011 (M = 5.6) Refahiye-Erzincan, 
30 July 2013 (M = 5.3) Gökçeada-Çanakkale, and 3 
December 2015 Kığı-Bingöl (M = 5.5) earthquakes. 
Generally speaking, these statistical parameters may 
be used in the forecasting of the next earthquake lo-
cations. Because of a lower b-value and the recent 
quiescence in several regions in and around the F-D 
fault zone at the beginning of 2020, these anomaly 
regions are important in the assessment of earthquake 
potential and hazard.

CONCLUSIONS

In the scope of this study, a comprehensive spa-
tiotemporal evaluation of the recent seismicity in dif-
ferent parts of the Frakull-Durrës fault zone, Albania, 
was accomplished. For this purpose, the best known 
and the most frequently used seismotectonic param-
eters such as b-value, Z-value, annual probability and 
recurrence time of earthquake occurrences were pre-
ferred. A homogeneous database for local magnitude, 
ML was used and it consists of 2310 events with 1.1 
≤ ML ≤ 6.3 between 20 July 1967 and 31 December 
2019. For the analysis, the study area was divided 
into two subregions and Reasenberg’s algorithm was 
used to eliminate the dependent events from the cata-
log for each region. Mc-value was taken as 2.5 for 
both regions and after these two processes, more ro-
bust, reliable and homogeneous earthquake catalogs 
were obtained to map the regional distributions of b-
value, Z-value and recurrence times. The fundamen-
tal conclusions of this statistical study can be given 
as follows:

(i) b-value was calculated as 0.83 ± 0.06 for the 
south part and 0.85±0.06 for the north part con-
sidering Mc = 2.5, and there relatively small 

Fig. 12 Spatial changes of Z-value at the beginning of 2020 with Tw = 5.5 years for (a) the south part (region 1) and (b) 
the north part (region 2) of the F-D fault zone. Declustered earthquakes with ML ≥ 2.5 are shown by white dots
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b-values may indicate an increase of shear 
stress in two parts of the F-D fault zone in the 
recent years. Also, these small b-values can be 
explained by the relative abundance of earth-
quakes having larger magnitude.

(ii) Temporal analyses of annual probabilities 
and recurrence times for specific magnitudes 
of the south and north parts show that the F-D 
fault zone has an intermediate/long-term earth-
quake hazard after 2021 for the possibility of 
strong/large earthquake occurrences.

(iii) Temporal changes of b-values show sig-
nificant decreases before the occurrences of a 
stronger earthquake in south and north parts. 
These variations can be considered to be re-
lated to stress changes in these time intervals 
and may be preliminary evidences for the fu-
ture earthquake occurrences in the intermedi-
ate/long terms in the F-D fault zone.

(iv) The areas with the smaller b-values (<0.9) 
were generally observed in the north part of 
the region 1 including Tirana and Durrës. The 
areas with the smaller b-values (<0.9) were 
generally observed in all parts of the region 
2 including Tirana, Durrës and Lezha. These 
regions with small b-values may be related to 
higher stress release or low heterogeneity de-
gree and high strain due to the seismotectonics 
of the F-D fault zone.

(v) Several seismic quiescence regions at the begin-
ning of 2020 were observed along Lushnje-Tira-
na-Durrës including the middle part of the F-D 
fault zone for region 1 and in and around Lezha 
including the north end of the F-D fault zone for 
region 2. Thus, special attention must be paid to 
these seismic quiescence anomaly regions.

There are many strong/large main shocks in the 
historical and instrumental periods in the F-D fault 
zone. Considering the areas having a law b-value and 
a large Z-value with small recurrence times, one can 
conclude that these anomaly regions may be inter-
preted as the possible locations of the future earth-
quakes. Therefore, the combination of these types of 
seismotectonic parameters and assessment of the spa-
tiotemporal behaviours together provides significant 
evidences in the identification of the seismic potential 
in and around the F-D fault zone. If these behaviours 
can be described as reliable characteristics of the seis-
micity, they can contribute to preliminary evaluation 
of earthquake hazard potential in the Frakull-Durrës 
fault zone of Albania.
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